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(71) We, KIMBERLY-CLARK COR- 
PORATION, a corporation organized under 
the laws of the State of Delaware, U.S.A., 
of Neenah, Wisconsin, United States of 
5 America^ do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and tlie method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 
10 The present invention relates to cellulosic 
products and, more particularly, to the pre- 
paration of lightweight cellulosic products use- 
ful in tissue and towelling applications which 
are characterized by a desirable combination 
15 of strength, absorbency, and tactile properties. 
Conventionally, disposable ussue and towel 
products have been formed on paper-making 
equipment by water laying a wood pulp fibre 
sheet and, thereafter, removing die water 
20 either by drying or a combination of pressing 
and drying. During water removal, strong 
capillary surface tension force is developed 
between fibres and a degree of overall bond- 
ing inevitably results. Because of this overall 
25 bonding phenomenon, sheets prepared by 
waterlaid methods inherently possess very un- 
favorable taaile properties (e.g., — harshness, 
stiffness, low bulk and poor overall softness) 
and absorbency. To enhance these latter pro- 
30 perries, waterlaid sheets are conventionally 
creped, which artificially improves the tactile 
and absorbency properties by disrupting the 
excessive fibre bonding. 

However, creping has several limitations, 
35 including the fact that the detrimental effects 
of the initial overall bonding is not com- 
pletely offset. Also, in a waterlaid method, 
there is typically preferential fiber orientation 
in the machine direction; and, as a result, the 
40 strength in this direction is always higher 
than in the cross direction. Consequently, 
achieving creped products with acceptable 
cross direction strengths generally requires 
developing excessive machine direction 
45 strength. Because of this, the attainm.ent of 
optimum tactile properies is prevented. 
Where products are to be used in contact 



with moisture such as toweling and facial 
tissues, it is aistomary to treat them with wet 
strengdi resins. The addition of such resins 50 
can detract from the tactile properties of the 
products. 

Air forming of wood pulp fiber sheets has 
been carried out for many years; however, 
the resulting webs have only been used for 55 
applications where either little strength is 
required (such as for example absorbent pro- 
ducts) or applications wherein a certain mini- 
mum strength is required but the tactile and 
absorbency properties are unimportant (such 60 
as various specialty papers), U.S. Patents 
2,447,161 and 2,810,940 and British patent 
1,088,991 illustrate air forming techniques for 
such applications. 

There has been proposed a mediod, and 65 
die resulting product, of air laying a cellulosic 
web to provide an aesthedcally pleasing cellu- 
losic web characterized by a desirable com- 
binadori of strength, absorbency and tactile 
properties. Such webs are made by air laying 70 
a continuum of unbonded wood fibres and 
forming a coherent structure by bonding die 
fibers together at regularly patterned areas of 
the continuum. These webs possess a novel 
combinadon of attributes which makes thcni 75 
highly desirable as substitutes for conventional 
waterlaid paper products in a variety of dis- 
posable applications. 

While the properties of such webs render 
them very suitable for applications such as 80 
sanitary wipes and towelings, wide-spread use 
is contingent upon the ability to make the 
webs in an economic fashion. This necessi- 
tates forming the product at high speeds, 
desirably in excess of 1,000 ft. per minute. 85 
Operation at such speeds, however, creates a 
considerable variety of problems, A parti- 
cularly difficult problem . arises because die 
airlaid continuum which is formed has little 
integrity and yet must be subjected to a 90 
bonding step that requires removal of the 
flimsy material from the wire on which it 
was formed. Bonding, at high speeds, to pro- 
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vide the desired strengtli level and coherency 
of the product also creates difficulty. 

A method for forming desirable airlaid 
webs at high speeds is disclosed in U,S, Patent 

5 No, 3,692,6225 entitled "Apparatus for 
Forming Airlaid Webs The procedures dis- 
closed in this patent involves moisturizing 
an airlaid continuum while it is on the wire 
on which it was formed in order to sub- 

10 sequendy transfer it into and out of a bend- 
ing station. The presence of such moisture 
requires the subsequent drying of the fonced 
web. 

A web suitable for tissue and towelling 
15 applications and having a basis v/eight of 5 to 
50 lbs per 2S80 ft% in accordance with the in- 
vention, comprises an airlaid three-dimensional 
continuum of wood fibres in their unbonded, 
uncompacted airlaid state interrupted by a 
20 pattern of compacted areas spaced less than 
an average fibre length apart, the compacted 
areas being bonded by means of an externally 
applied adhesive confined to said areas. 
Preferably, tlie tliickness of the unbonded 
25 fibre areas is at least twice that of the bonded 
area. 

A method of forming such a web, in accor- 
dance with the invention, comprises air laying 
wood fibres onto a moving foraminous carrier 

30 to form a continuum of substantially dry and 
uncompacted randomly deposited fibres, 
bringing the surface cf tlie continuum opposite 
the carrier into contact with a transfer mem- 
ber moving at the same speed as the carrier 

35 and having printed on tlie surface diereof, 
in a preselected pattern of discrete spots which 
are spaced less than an average fibre length 
apart, an adhesive disposed in a liquid and 
thereby effecting transfer by the rapid wet- 

40 ting cf the continuum with the hquid in diose 
discrete spots corresponding to the pre- 
selected pattern, and compacting and bond- 
ing said continuum v/ith said adhesive at die 
discrete spots of the preselected pattern by 

45 removing the liquid. 

An advantage of the present invention is to 
provide a high speed method for forming 
cellulosic webs having desirable strength, 
absorbency and tactile properties which does 

50 not necessitate extensive drying of the web 
after preparation. Further the invention pro- 
vides a high speed process wherein transfer 
of an airlaid continuum of wood fibres from its 
forming wire to a bonding station can be 

55 accomplished without moisturizing the web 
on the forming wire. 

The lightweight, airlaid webs of wood 
fibres of this invention have desirable absor- 
bency and tactile properties and also have 

60 exceptionally high strength. 

The webs can be prepared at high speeds 
and in a manner that does not require 
moisturizing of the web prior to the applica- 
tion of the adhesive thereto. 

65 The invention will now be described by 



way of example with reference to the accom- 
panying drawings in which: — 

Figure 1 is a side view illustrating an 
arrangement of apparatus which can be used 
in accomplishing the present invention; 70 

Figure 2 is a cross-sectional view of a pro- 
duct prepared using the apparatus illustrated 
in Figure 1; and 

Figures 3 and 4 are side elevation views of 
additional embodiments of apparatus which 75 
can be used in accomplishing the process of 
the present invention. 

While the invention is susceptible of various 
modifications and alternative constructions, 
there is shown in the drawings and will herein 80 
be described in detail the preferred embodi- 
ments. It is to be understood, however, that 
it is not intended to limit the invention to the 
specific forms disclosed. On the contrary, it 
is intended to cover all modifications and 85 
alternative constructions faUing within the 
scope of the invention as expressed in the 
appended claims. 

As previously stated, a lightweight, airlaid 
web of wood fibers is formed on a moving 90 
foraminous carrier and the web is thereafter 
brought into contact with a transfer member 
moving at die same speed as the carrier. The 
transfer member has printed on its surface, 
in a preselected pattern, an adhesive disposed 95 
m a liquid. On contact between the web and 
the moving transfer member, the liquid rapidlv 
penetrates into the web and wets the airlaid 
fibers in those localized regions corresponding 
to the preselected pattern. Such rapid wet- 100 
ting temporarily unites the fibers of the web 
together, dius permitting transfer of the web 
to the transfer member without substantial 
disruption of the web. After transfer has been 
effected, bonding of the web in the preselected 105 
pattern to form a useful product can be 
accomplished by simply removing the liquid, 
generally by means of heat when the liquid 
IS water or an easily vaporized medium. 

In preparing webs as above described, it is 110 
important that the preselected pattern of liquid 
containing the adhesive be applied to the 
transfer member at discrete spots which ahe 
spaced less than an average fiber lengtli of the 
cellulosic web apart. Such a pattern not only 115 
assures that die web will have sufficient 
integrity during transfer but also that the 
resulting adhesively bonded product wiU be 
sufficiendy strong for most intended end 
uses. A suitable pattern can comprise a series 120 
of discrete spots arranged on the transfer 
member so that the resultant bonded web has 
bonded areas at a frequency of 10 — 40* bends 
per linear inch across botii dimensions of die 
web and such that the total bonded area of 125 
die web is 10—40%. Webs so bonded not 
only have sufficient strength but are addi- 
tionally characterized by highly desirable 
absorbency and tactile properties due princi- 
pally to the substantial areas of die unbonded 130 
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fibers existing between the particular bonded 
zones. 

In addition to die selection of an appro- 
priate bond pattern, it is also an important 
5 aspect of the present invention that the ceilu- 
losic web be in its "as formed condition 
on contact widi the printed transfer mem- 
ber and, in particular, that it not be substan- 
dally compacted. The use of uncompacted air- 

10 laid webs assures diat the liquid printed on 
the transfer member will rapidly penetrate the 
web oil contact therewith, thus providing 
almost instantaneous^ though somewhat tem- 
porary, structural integrity to the web, 

15 The particular adhesive employed in 
accomplishing the present invention is not 
particularly important so long as it can be 
applied in combination with a liquid which 
functions in effectuating transfer as above 

20 described and that the adhesive in its solid 
form, adequately bond the cellulosic web 
without excessive tackiness. Adhesives which 
can be deposited from a liquid medium in a 
solid, untacky condition at a temperature 

25 below or at the temperature necessary to re- 
move the liquid are generally most desirable 
for use herein. 

^ Adliesives which can be applied as aqueous 
dispersions or solutions are generally suitable 
30 for use herein. Examples of such 
materials include various starches, water 
soluble polymeric materials, and water 
dispersible resins such as various vinyl resins 
(e.g., polyvinyl acetate and vinyl acetate/ 
35 ethylene copolymers) and acrvlics. Adhesive 
materials such as vinyl resins dissolved in suit- 
able organic solvents can also be employed. In 
addition, plasdsols, i.e., polymeric materials 
such as vinyl polymers (e.g., vinyl chloride) 
40 and copolymers dispersed in fluid plasticizers 
such as dioctylphdialate and the like, can also 
be used at suitably low viscosities. With res- 
pect to such plastisols, removal of the liquid 
plasticizer is accomplished by absorbing die 
45 plasticizer into the polymer particles which 
occurs on curing of the plastisol. In addition, 
hot melt adhesives can be used. Such 
adhesives are applied as liquids. On cooling, 
the liquid character thereof disappears leavina 
50 the soHdified adhesive. ^ 
Turm'ng now to the drawings. Fig. 1 illus- 
trates one manner of practising the present 
invendon. As shown, a cellulosic web 10 is 
formed by inidaily separating a pulp sheet 
55 12 into Its individual fibers 14 by unwinding 
the pulp sheet 12 from a roll 16 and forward- 
mg die sheet by means of the driven rolls 18, 
20 to a divellicadng means such as a picker 
^r. * ?f powered by means not shown. The 
60 individual fibers 14 are conveyed dirough a 
forming duct 24 and onto a moW 
foraminous wire 26, Air from a source 28 in 
combination widi a vacuum box 30 creates a 
downwardly moving stream of air which 



assists in collecting die air formed web 10 65 
on the foraminous wire. 

Wliile customary air forming tccliniques 
can be utilized in forming the web, the form- 
ing duct 24 illustrated in Fig. I is efficient in 
obtaining an especially suitable web, pard- 70 
cularly at high speeds. The iUustrated duct 
has a width approximately equal to the height 
of the picker teeth on the roll 22 and is posi- 
tioned so as to tangenrially receive the fibers 
as they leave the picken By using a duct with 75 
such a width, fiber velocity can be maintained 
essentially constant throughout the length of 
the duct. Webs formed in this manner have 
exceptionally good uniformity and are sub- 
stantially free of fiber flocking. 80 

The weight of die airlaid web formed in die 
above-illustrated manner is dependent upon 
the desired end-use of the subsequendy pre- 
pared product. For most applications, webs 
having a basis weight of 10 to 25 lbs/28SO ft- 85 
are preferred. The particular type of cellulosic 
fibers used m preparing the web is also not 
critical and die type selected wiU generally 
depend upon die desired surface texture For 
example, webs with a soft and fluffy texture 90 
are generally obtained from cedar fibers while 
a slighdy more wooly texture with Lncreased 
body can be obtained from soudiern pine 
fibers. ^ 

Referring again to Fig. 1, after formation 95 
on the foraminous wire 26, the surface of the 
web opposite the wire 26 is brought into con- 
tact widi die heated transfer roll 32, which 
as vie\yed in Fig. 1, rotates in a counter- 
clockwise direction and is moving at substan- 100 
ually die same speed as the wire. A slight 
degree of wrap of die wire 26 around the 
transfer roll 32 can be provided in order to 
aid m transfer to die roll 32. 

In the illustrated embodiment, die transfer 105 
roll 32 has a plurality of raised points on its 
surtace to which an adhesive such as above- 
described disposed in a liquid is applied from 
the pan 36 via die adhesive transfer rolls 38 
and 40. The sides of die raised points on die no 
transfer roU 32 are desirably comparatively 
steep widi heights of about 0.015—0 030 
mches. 

After transfer to die roll 32, die web is 
conveyed on die heated surface diereof for 115 
a time sufficient to remove the liquid, dius 
leaving the solidified adhesive. The web can 
dien be removed from die roll 32 by passage 
over the roU 42. In order to faciHtate such 
removal, the surface of die transfer roU 32 loa 
is desirably made of an easily releasable ^ 
material such as tetrafluoroediylene. Similarly 
^ ^^^^^ transfer of die web 

to die roll 32, the foraminous wire 26 can also 
be fashioned from an easily releasable 125 
material. 

Fig. 2 illustrates a cross sectional view of 
a web prepared in a manner such as described 
widi respect to Fig. 1. As shown, the web is 
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characterized by a continuum of fibers 44 
interrupted in a pattern of adhesive bonds 46. 
As illustrated, the adhesive bonds are highly 
compacted compared witii the regions between 
bonds and, typically, the diickness of tlie un- 
bonded regions will be at least several times 
greater than the thickness of die bond areas. 

Turning now to Fig. 3, there is illustrated 
a further method for practicing the present 
invention. As shown, an airlaid web 48 
formed in a maimer similar to that described 
with respect to the web 10 of Fig. 1 is con- 
veyed on the forming wire 50 to the nip 
between the roll 52 and the heated, transfer 
roll 54. The surface of the roll 54 is, in this 
embodiment, smooth and has printed thereon 
a pattern of liquid-borne adhesive. As illus- 
trated, adhesive printing on the roll 54 can 
be accomplished by bringing the surface of 
tlie roll 54 into light pressure contact v/ith the 
rubber-intaglio roll 56 which has depressions 
in its surface corresponding to the desired pre- 
selected adhesive pattern. Adhesive disposed 
in a liquid from a supply pan 58 is pumped or 
otherwise transferred to a reservoir located 
immediately above an inclined doctor blade 
60 — the reser\^oir being defined in part by the 
upper surface of die inclined doctor blade and 
the adjacent portion of the rotating periphery 
of the surface of the intaglio roll 56. As the 
intaglio printiiig roll 56 rotates (in a cloclcwise 
direction as viewed in Fig. 3), the intaglio pat- 
tern surface thereof is filled v/ith the liquid 
carrying die adhesive, excess liquid is re- 
moved by the doctor blade 60 and a metered 
amount of hquid is transferred to the transfer 
roll 54. 

Wlien the liquid on the surface of the trans- 
fer roll 54 contacts the v/eb 48 at the transfer 
nip, the adhesive immediately penetrates the 
web in the preselected pattern. Such penetra- 
tion with the accompanying temporary bind- 
ing efTect on die web 48 in combination with 
the preferential attraction of the liquid for die 
transfer roll 54 causes the web 48 to transfer, 
substantially intact, from die wire 50 to the 
transfer roll 54. With respect to effecting such 
transfer, the clearance in die transfer nip 
should be such as to permit the web 48 to 
come into contact with the printed liquid 
adhesive, but should not be so small as to 
cause liquid to be forced through the web to 
the wire 50. If liquid is forced through die 
web, a degree of v/eb adherence to the wire 
50 may develop and such can adversely affect 
web transfer to the roll 54. 

After the web has been transferred to the 
heated roll 54 in die manner indicated, the 
web is maintained in contact with the roll for 
a lime sufficient to effect soiidificadon of the 
adhesive and removal of the accompanying 
liquid. Thereafter, the bonded web can be re- 
moved from the roll 54 over the roll 62. Pre- 
ferably, as is true with respect to the previous 
embodiment, the surface of the roll 54 is 



desirably of a releasable character so that' re- 
moval of the bonded web therefrom can be 
easily affected. Alternatively, if the roll 54 
has a surface such as of steel from wliich die 
web does not easily release, the web can be 
removed therefrom by conventional creping 
techniques. 

Referring now to Fig. 4, the manner illus- 
trated therein of preparing a bonded web is 
quite similar to that shown in Fig. 3 except 
that an endless belt 70 is employed as a trans- 
fer member for the web 66, transfer being 
effected in die nip 68 between the airlaid web 
forming wire 64 and the belt 70. Prindng of 
the adliesive onto the belt 70 can be accom- 
phshed at die printing station 72 in the 
manner described previously with reference to 
Fig. 3. Since it is difficult to maintain the belt 
70 in a heated condition sufficient to sohdify 
the adhesive and remove die liquid therefrom, 
the temporarily stabilized web transferred to 
the belt 70 at the transfer nip 68 can again 
be transferred to die heated roU 74 for solidi- 
fication of the adhesive and removal of die 
liquid. In order to accomplish transfer to the 
roll 74, die surface of the belt 70 should con- 
tahi a release coating and the web should be 
drawn mto contact with die roll 74 by rotat- 
ing the roll 74 at a speed slightly higher than 
the speed of die belt 70. Due to the tem- 
porarily stabih'zed nature of the web 66 on 
the belt 70, die draw necessary to effect trans- 
fer does not adversely affect the integrity of 
the web 66. After solidification and removal 
of liquid on the roll 74, the bonded web can 
be removed dierefrom using a creping blade 
96. Alternatively, the web can be removed as 
illustrated in Fig. 3. To do such, and as has 
been previously discussed with respect to 
odier embodiments, the roll 74 is preferably 
fabricated from or coated with a material from 
which the web can be easily released. 

The embodiment depicted in Fig. 4 is 
quite useful when hot melt adhesives are 
eri3ployed. In such instances the adhesive is 
applied in a heated, liquid form to the belt 
70. By use of a cooled roll 74, the liquid 
characteristics of the adhesive are removed on 
travel of the web in contact with the cooled 
roll 74 after transfer thereto. 

As has been illustrated, there is herein pro- 
vided a method for forming a lightweight 
cellulcsic product useful in tissue and towel- 
ing applications. The product is formed with- 
out the necessity of an overall moisture 
application and thus no extensive drying is 
required. Due to the distinctive character of 
the airlaid web wherein substantial areas of 
unbonded fibers are present, the product has 
very desirable tacdle and absorbsncy pro- 
peities. In addition, due to the external 
adiiesive nature of the web bonding, the web 
exhibit a surprising degree of strength. 

As illustrated widi respect to Fig. 2, the 
products of the present invention contain un- 130 
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bonded fiber areas interrupted by a pattern 
of bonded areas. When a transfer member 
containing raised points such as illustrated in 
Fig, 1 is employed, the bonded areas will be 

5 compacted so diat the diickness of die un- 
bonded areas v/ill be several times that of the 
bonded areas. Such a distinctive character 
can also be achieved by other means. One 
such means involves using slight pressure in 

10 effecting transfer of the web to a smooth 
transfer member. Such pressure initially com- 
pacts the web over all of its surface area; 
however, on release of the pressure those 
regions not printed with fluid spring back to 

15 their substantially uncompacted state, the 
printed regions remaining compacted. Such 
a distinctive web character is also obtained 
when die liquid in which the adhesive is dis- 
posed has the capacity for softening the web 

15 of wood fibers. Water is the most noticeable 
example of such liquids. The surface tension 
forces accompanying the removal of water 
compact the web in tiiose preselected regions 
of application thus yielding an adhesively 

20 bonded web containing the previously des- 
cribed distinctive compacted and bonded 
regions. 

WHAT WE CLAIM IS : — 

1. A web suitable for tissue and towelhng 
25 apphcations and having a basis v/eight of 5 to 

50 lbs. per 2880 ft- which comprises an airlaid 
three-dimensional continuum of wood fibres in 
their unbonded, uncompacted airlaid state 
interrupted by a pattern of compacted areas 
30 spaced less dian an average fibre lengdi 
apart, die compacted areas being bonded by 
means of an externally applied adhesive con- 
fined to said areas. 

2. A web as claimed in Claim 1 wherein 
35 said adhesive has been apphed disposed in a 

Ayood fibre web softening liquid and compac- 
tion of said web in said areas has been main- 
tained through surface tension forces during 
removal of said liquid from said web. 



3. A web as claimed in Claim 2 wherein the 40 
liquid is water. 

4. A web as claimed in Claim 1, 2 or 3 
v/herein die diickness of die unbonded fibre 
areas is at least uvice that of the bonded area. 

5. A v/eb as claimed in any preceding claim 45 
wherem die basis weight is from 10 to 25 lbs. 

per 2880 ft". 

6. A web as claimed in any preceding claim 
wherein the bond areas are spaced at a fre- 
quency of from 10 to 40 per linear inch across 50 
both dimensions of the web. 

7. A v/eb as claimed in any preceding claim 
wherein the bond areas occupy from 10 to 
40% of the web area. 

8. A method of forming a web as claimed 55 
in any preceding claim comprising air laying 
wood fibres onto a moving foraminous carrier 

to form a continuum of substantially dry and 
uncompacted randomly deposited fibres, bring- 
ing tlie surface of the continuum opposite die 60 
carrier into contact with a transfer member 
moving at the same speed os the carrier and 
having printed on the surface thereof, in a 
preselected pattern of discrete spots which 
are spaced less ihan an average fibre length 65 
apart, an adhesive disposed in a liquid and 
thereby effecting transfer by the rapid wet- 
ting of the continuum with the liquid in those 
discrete spots corresponding to the preselected 
pattern, and compacting and bonding said 70 
continuum with said adhesive at the discrete 
spots of the preselected pattern by removing 
the liquid. 

9. A web substantially as hereinbefore des- 
cribed. 75 
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COMPLETE SPECIFICATION 

1 SHFET ^^'^ drawing is a reproduction of 
the Original on a reduced scale 
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